Among organotins, dialkyl derivatives exhibit greater antitumour activity than the corresponding mono-, tri-, and tetraalkyl derivatives.
tions vials. These solutions were systematically checked by titration against potassium hydrogen phthalate.
Procedure and Measuring Techniques Potentiometric titrations were performed using a Metrohm 686 titroprocessor equipped with a 665 dosimat (Switzerland-Herisaue). The titroprocessor and electrode were calibrated with standard buffer solutions, prepared according to National Bureau of Standard (NBS) specifications.
12) The titrations were carried out in a purified nitrogen atmosphere using a titration vessel as described previously.
13) The temperature was maintained constant by a colora ultrathermostat. pK w in 75% dioxane-water solution was determined as described previously. 14) For this purpose, various amounts of standard NaOH solution (in 75% dioxane) were added to a solution containing 0.10 M NaNO 3 . The value of Ϫlog [H] was calculated from the amount of base added. The product of [OH] and [H] was taken and the mean value obtained for the log concentration product was log K w ϭ16. 21 . This value is in good agreement with that previously determined in 70% dioxane as log K w ϭ16.0.
14)
The protonation constants of the ligands were determined by titrating 40 ml of ligand solution (2.5ϫ10 Ϫ3 M). The hydrolysis constants of diphenyltin(IV) diperchlorate were determined by titrating 40 ml of organotin(IV) solution (2.5ϫ10 Ϫ3 M). The formation constants of organotin(IV) complexes were determined by titrating 40 ml of solution containing the ligand (2.5ϫ10 Ϫ3 M) and organotin(IV) with concentrations of 1.25ϫ10 Ϫ3 , 6.25ϫ10 Ϫ4 and 3.125ϫ10 Ϫ4 M. The ionic strength was adjusted to 0.1 M by NaNO 3 .
The equilibrium constants were evaluated from titration data, defined by Eqs. 1 and 2.
Where M, L and H represent organotin(IV), ligand and proton respectively. The calculations were performed using the computer program 15) MINI-QUAD-75 by means of an IBM 486 computer. The stoichiometries and stability constants of the complexes formed were determined by examining various possible composition models. The model selected gave the best statistical fit and was chemically consistent with the titration data without giving any systematic drifts in the magnitudes of various residuals, as described elsewhere.
15) The fitted model was tested by comparing the experimental titration data points and the theoretical curve calculated from the values of acid dissociation constant of the ligand and formation constants of the corresponding complexes. Table 1 lists formation constants together with standard deviations and the sum of square of residuals as was obtained from the MINIQUAD-75 program. The Concentration distribution diagrams were obtained using the SPECIES program.
16)

Results and Discussion
The acid dissociation constants of the ligands have been reported 17) and their acid dissociation constants determined under the same experimental conditions used for determining the stability constants of organotin(IV) complexes. It is found that pK a values of the ligands in 75% dioxane-water solutions are higher than those reported in water. This may 5 and M 4 (OH) 6 reported for dimethyltin-(IV) [18] [19] [20] [21] were rejected. This may be due to the very poor solubility of hydrolysed diphenyltin(IV) species. It should be mentioned that the first and second deprotonations of [Ph 2 Sn- . This can be attributed to the electroaccepting property of the phenyl groups. The concentration of the monohydroxo species increases with an increase of pH, attaining a maximum of 97.6% at ca. pH 2.0. A further increase in pH is accompanied by a decrease in the monohydroxo species and an increase in dihydroxo species.
Potentiometric titration curves of the diphenyltin(IV)-glycine system, taken as being representative, are shown in Fig. 2 . In the organotin complex curve, there is a significant lowering from that of free glycine indicating formation of organotin complexes by release of protons. Different equilibrium models have been attempted to fit the experimental potentiometric data for diphenyltin complexes. The model that best fit the experimental potentiometric data was found to depend on the structural configuration of the ligand.
Combined results of all ligands investigated shows the formation of 1 : 1 and 1 : 2 complexes. There was no evidence for the formation of polymeric species. Glycine, valine and methionine form the species of stoichiometric coefficients 110 and 120. The formation constant values of the 110 complexes are higher than those of dimethyltin(IV) species. 8) This is explained in terms of the electron-accepting property of the phenyl group. The amino acid methionine has an extra binding centre on the thioether group and the thioether group has been reported to participate in transition metal ion complex formation. 22) However, the formation constant of the methionine complex is in close agreement to those of glycine and valine, if the difference in the acid dissociation constant of the amino acids is considered. This indicates that methionine chelates diphenyltin(IV) by the amino and carboxylic groups and not by the thioether group. The concentration distribution for glycine complex, taken as a representative, is given in Fig. 3 . The deprotonated species 110 predominates at pH ca. 3.4 attaining a maximum of 80.4%. The hydroxo complex [DPT-OH] ϩ plays a major role at pHϭ1.2 with a formation degree of 83.2%. The deprotonated species 120 reaches the maximum concentration of 70.0% at pH ca. 7.4.
Serine was found to form complexes 110, 120, and 11Ϫ1. The formation of species 11Ϫ1 reveals that the b-alcoholato group participates in complex formation through ionization of the OH group. This behaviour is well documented for some transition metal ion complexes of serine. 23) Histidine, lysine, ornithine, penicillamine, and glutathione form the complexes 110, 120 and 111. The acid dissociation constant of the protonated complex (log b 111 Ϫlog b 110 ) is 4.67 for histidine. This is in fair agreement with the acid dissociation constant of the imidazole residue of the histidine (pK a ϭ5.63), if the increase of acidity as a result of complex formation, is considered. Further, it should be recognized that the stability constant of the deprotonated complexes of histidine and histamine are in fair agreement and higher than those of amino acid complexes. This indicates that histidine coordinates by the amino and imidazole nitrogen groups, as histamine does.
Lysine and ornithine have a single carboxylic and two amino groups as binding sites. The formation constants of their 110 complexes are significantly higher than those of amino acids. This indicates that lysine and ornithine chelate by the two amino groups. Also, aspartic acid and glutamic acid having two carboxylic and amino groups are chelating as substituted glycinate, based on the fair agreement between their stability constant values and those of amino acids.
Penicillamine and glutathione have various binding sites viz. carboxylic, amino and sulfhydryl groups. The stability constant of their 110 complexes are in fair agreement with that of mercaptoethylamine (where the binding sites are the amino and sulfhydryl groups) and mercaptopropionic acid (where the binding sites are the carboxylic and sulfhydryl groups) and higher than those of a-amino acids (where the binding sites are the amino and carboxylic groups). This indicates that penicillamine and glutathione bind partly as an (N-S) donor and partly as an (O-S) donor and not as an (N-O) donor . The concentration distribution for penicillamine complex is given in Fig. 4 . The protonated species 111 prevails with a formation percentage of 89.1 at pH ca. 1.8; the deprotonated species 110 reaches a maximum concentration of 72.3% at pH ca. 6.4. The hydroxo-complexes are less pre- velant as their maximum concentrations are 10.4% at pH ca. 1.8 and 27.5% at pH ca. 7.4 for the mono-and di-hydroxocomplexes, respectively. This means that OH Ϫ is not significantly competing with penicillamine in the reaction with diphenyltin(IV) cation. This may be due to the significantly high stability constant of diphenyltin-penicillamine complex compared with other complexes.
Addition of CBDCA to cisplatin, giving carboplatin, significantly improved the antitumour activity. Since, diorganotin(IV) species were reported to have antitumour activity, the reaction of diphenyltin(IV) with dicarboxylic acids including CBDCA is interesting. In the diphenyltin(IV)-dicarboxylic acid system, the potentiometric data fitting showed the formation of the species 110, 120 and 111. The stability constants values of the 110 complexes with a series of dicarboxylic acids forming five, six, seven and eight membered chelate rings, are in fair agreement. This indicates that the size of the chelate ring has no significant effect on the stability of complex. The concentration distribution diagram of CBDCA, taken as a representative and given in Fig. 5 , shows that the protonated complex prevails with a formation degree of 97.3% at pHϭ2.0. The mono-hydroxo species (10Ϫ1) is not contributing in the domain of complex formation. The CBDCA complexes reach their maximum concentrations of 61.2% at pH ca. 5.0 and 45.7% at pH ca. 6.8 for 1 : 1 and 1 : 2 complexes, respectively. Dimethyltin(IV)-peptide complexes are formed by coordination of the amino and carbonyl groups. Upon deprotonation of the amide group, the coordination sites would switch from carbonyl oxygen to amide nitrogen. Such changes in coordination centers are well documented for dialkyltin(IV) and some transition metal ion complexes of peptides. The potentiometric data of diphenyltin(IV)-peptide complexes were fitted to various models. The acceptable model was found to be consistent with the formation of the complexes with stoichiometric coefficients 110, 111 and 120. The formation of the species 11Ϫ1 as reported for the dimethyltin(IV)-peptide system, 11) through induced ionization of the peptide hydrogen was not assigned. This can be explained on the premise that the bulky phenyl group on the tin may hinder the structural change of coordination centre from carbonyl oxygen in the fromation of the 110 species, to the amide nitrogen in the formation of the 11Ϫ1 species. The concentration distribution diagram of glycylglycine, taken as a representative and given in Fig. 6 , shows that the protonated complex prevails with a formation degree of 99.0% at pHϭ3.0. The deprotonated species 110 and 120 predominate with formation degrees of 65.1% at pHϭ5.6 and 35.3% at pHϭ7.0, respectively.
Conclusion
The activity of diphenyltin(IV) complexes, Ph 2 SnL 2 X 2 is controlled by the nature of Sn-L 2 bonds. The results show that in Ph 2 Sn-penicillamine complex formation, the OH Ϫ ion does not compete with complex formation. Consequently, the reaction with DNA should proceed better than with other diphenyltin(IV) complexes. Therefore, the penicillamine complex may have more antitumour activity. This suggests a further study on the feasibility of the use of penicillamine complexes as chemotherapeutic agents. 
